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ABSTRACT— A feedback network for forward 

converter that automatically reduces the current flowing 

through the opto-coupler under no-load condition is 

presented in this paper. Standby power is electricity used 

by appliances and equipment while they are switched off 

or not performing their primary function.  On account of 

isolation requirements for safety concerns, feedback via 

optical coupling is very prevalent in the industry. The 

number of electronics products has continued to increase 

rapidly. As a result, the accumulated standby power loss 

caused by their power supply devices has gradually been a 

significant part of total electricity use. In order to reduce 

the standby power loss of the power converter the no- 

load condition should be kept as low as possible. The 

conventional feedback system uses TL431 Commercial 

programmable shunt regulator, which results in increased 

power loss at no-load. A Feedback network for forward 

converter that automatically reduces the current flowing 

through the opto-coupler nearly zero under no load 

condition is achieved by replacing TL431 by reverse type 

shunt regulator. This feedback network for isolated 

switch-mode power supply uses a reverse type shunt 

regulator to generate error signal for optical coupling and 

a modified PWM controller to receive feedback signal. 

Thus the current through the feed-back circuit is 

minimized nearly zero under no-load condition. In this 

paper, simulation is done using MATLAB/SIMULINK 

and experimental results are presented. 
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I. INTRODUCTION  
The need for electronics products are increasing 

day by day. As the result standby power associated with 

them also increases. Standby power is the power which  is 

consumed by the device under no-load condition. 

Although standby power is important for instant-on, 

power a remote control receiver it should be minimized to 

improve their no-load efficiency.  

As shown in Fig.1. A SMPS generally contains 

the following blocks. An EMI filter, a bridge rectifier, dc-

dc converter, an isolated feedback network and a 

controller. It’s well known that the major drawback of 

SMPS is electromagnetic interference which will degrade 

the performance of the circuit. To avoid this and make the 

circuit electromagnetic compatible EMI filter is used here. 

Diode rectifier will convert the ac input voltage into dc 

output voltage. Forward converter has been used for low 

output voltage and high current applications. It may be 

used to supply devices that require voltages ranging from 

12V to 3.3V and current upto50A. Feedback circuit 

consists of an error amplifier to generate error signal that 

is used by control IC to generate switching pulses. 

 

 
  

     Fig.1. Block diagram of a SMPS 

The losses of products are reduced using control 

IC ON/OFF [1], burst mode control[2] [3], pulse 

frequency modulation[4], pulse skipping modulation [5] 
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[6][7], pulse train modulation[8], in combination with the 

pulse width modulation technique. Using these techniques 

switching frequency at light-load and no-load conditions 

are reduced. The above mentioned techniques will reduce 

the switching loss associated with the converter. 

Unfortunately again the no-load efficiency is still poor 

because of the losses that take place in the feedback 

circuit. Although primary side current sensing [9] 

eliminates the need for feedback and results in low 

standby power loss it is applicable only for flyback 

topology.  

As feedback circuit is also concerned as a source 

of loss it should be designed to overcome this problem 

and must be able to adopt by all the converter topologies 

to improve no- load efficiency. Such a technique is 

introduced in this paper. As safety is concerned feedback 

via opto-coupling is adopted. Current that flows through 

the opto-coupler under no-load condition is too large in 

conventional circuit which will increase the standby 

power loss. So if this current is reduced nearly zero, 

standby power loss can be reduced and the no-load 

efficiency can be improved. The proposed circuit consists 

of an error amplifier that drives PMOS as a feedback 

circuit. 

   

II. EXISTING FEEDBACK CIRCUIT 
 

 
 Fig.2. Existing circuit 

  

In fig.2.The input voltage is obtained from the 

rectifier. According to the feedback information the 

MOSFET is turned ON/OFF by PWM controller. The 

feedback network consists of TL431 and an opto-coupler.  

Output voltage is divided by voltage divider R1 and R2. 

TL431 compares the divided output voltage with built-in 

reference voltage and error signal ILED is drawn according 

to the difference. Opto-coupler transfers ILED by current 

transfer ratio (CTR) to primary side and maintains 

galvanic isolation between primary and secondary sides. 

Induced primary current IFB is converted into voltage VFB 

by the controller and it is modulated by PWM modulator 

to generate gate-pulses. Thus lower output voltage will 

produce higher VFB and IFB, ILED is lower. When load is 

disconnected VFB drops to lower value and IFB, ILED 

becomes higher. This shows that when output power gets 

lower the power loss increases. Although it is a small 

value it will affect the no-load efficiency. It is against the 

energy saving point of view. 

 

III.PROPOSED FEEDBACK CIRCUIT 

  The filtered ac input is given to the diode bridge 

rectifier where ac voltage is converted into fixed dc 

voltage. This is given as the input for the forward 

converter. Then the feedback network will produce the 

error signal and according to it the PWM modulator will 

produce the gate pulse. 

The operation of the proposed feedback network 

differs from the existing one by replacing the bipolar 

junction transistor by pMOS. So the supply current IQ 

supplying the amplifier and voltage reference will not 

flow through the opto-coupler.  

 
Fig.3. Proposed feedback circuit 

 

This feedback network comprises of a built-in 

voltage reference voltage of 2.5V. On the primary side, 

the opto-coupler induces IFB according to ILED and IFB is 

then converted into VFB. Since the polarity of VFB is same 

as that of the output voltage, using PWM modulator to 

directly modulate VFB into switching pulses by forming 

positive feedback loop and cause malfunction. In order to 

avoid that inverting amplifier is introduced to reverse the 

phase of VFB  before giving it to PWM modulator which 

will form negative feedback. 

This operation is similar to the conventional 

system but the difference is the phase of intermediate 

error signal for optical coupling. For higher output voltage 

the produces larger VFB resulting in lower IFB, ILED. Thus  
automatically the current through feedback circuit is 

reduced and improve the no-load efficiency. There is also 

no problem of instability. 
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IV.FORWARD CONVERTER DESIGN 

Output voltage of forward converter is given by 

  (1) 

    

Ns/Np is transformer turns ratio 

D is duty cycle 

Number of turns of single phase three winding 

transformer can be calculated by following equations: 

Number of primary turns, 

 

  (2) 

Where, Vinmin is minimum dc input voltage that can be 

given to the converter 

Dmax is maximum allowable duty cycle 

 Ae is effective winding area inside the core and 

can be calculated using, 

 

(3) 

B is flux density 

 f is the operating frequency of forward converter 

Number of secondary turns, 

 

 (4) 

VF is voltage drop of diode D1 

Number of tertiary turns, 

 

   (5) 

Value of output inductor,  

 

 (6) 

 

 

Value of output capacitor,  

 

   (7) 

 

 

V.SIMULATION RESULTS 

 

To verify the proposed circuit simulation is done 

stage by stage in MATLAB/SIMULINK for no-load 

condition. The simulation results are shown below: 

 

 

 
Fig.4.Simulation diagram 

 

OUTPUT VOLTAGE OF EMI FILTER 

 

 
 

 
       Fig.5.Output voltage 

 

OUTPUT VOLTAGE OF DIODE RECTIFIER 
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     Fig.6.Output voltage 

CURRENT THROUGH THE OPTO-COUPLER 

 

 
 

 

 
Fig.7.Output current 

 

CURRENT THROUGH THE SHUNT REGULATOR 

 

 
 

 

 
Fig.8.Output current 

 

VI .CONCLUSIONS 

 

An isolated feedback scheme with low-standby 

power for forward converter has been proposed. By this 

method under no-load condition opto-coupler consumes 

current nearly equal to zero i.e. 

A. Thus the standby power consumption is 

reduced to .6mW. Simulation result show significant 

improvement in no-load efficiency of the forward 

converter. It can be used for other converter topologies 

also. It’s application may include ATX power supplies for 

computers, low voltage battery chargers, server power 

supplies.  
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